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ANTI-VIRAL GUANOSINE-RCH OLIGONUCLEOTOES
The present invention is a continuation-in-part of U.S. The present invention relates generally to the field of oligonucleotide chemistry and anti-viral pharmacotherapy. More specifically, the present invention relates to novel guanosine-rich oligonucleotides and their use as novel anti Caruthers, Science (1993 Science ( ) 259:1564 Science ( -1569 , reported the use of diphosphorothioate oligonucleotides, e.g., antisense spe cific, randon nucleotide combinations and oligodeoxycyti dine against HIV-1. In all cases, the mechanism of action was attributed to a direct inhibition of HIV-1 reverse tran-35 scriptase. Other potential mechanisms of anti-viral action of oligonucleotides were postulated by Boiziau et al., PNAS (1992) 89:768-772, e.g., promotion of RNAse H activity and inhibition of reverse transcriptase initiating cDNA syn thesis. In addition, Goa et al., Molecular Pharmacology 40 (1992) 41:223-229 reported that phosphorothioate oligo nucleotides inhibit human DNA polymerases and RNAse H, and the adsorption or penetration of the virus into cells. Iyer et al., Nucleic Acids Research (1990 ) 18:2855 -2859 that if a base was removed from an anti-sense polynucle-45 otide forming an abasic site, the compound did not lose its activity which argues against the need for the formation of an RNA-DNA antisense mediated hybrid for anti-viral activ ity. Stein et al. have characterized the interaction of poly SdC with the V3 loop of HIV-1 gp120, and postulated that 50 the specific interaction of poly SdC with the HIV-1 V3 loop may be a mechanism by which an oligonucleotide could inhibit HIV-1 in vivo.
It is known that synthetic oligonucleotides may be designed which are capable of binding to duplex DNA to form triplex DNA. See U.S. Pat. No. 5,176,996 Hogan & Kessler issued Jan. 5, 1993 . This application describes a method for making synthetic guanosine-rich oligonucle otides which are targeted to specific sequences in duplex DNA and which form colinear triplexes by binding to the major groove of the DNA duplex. In one embodiment of the present invention, there is 65 provided a method of treating a pathophysiological state caused by a virus, comprising the step of administering a 2 pharmacological dose of an oligonucleotide, said dose being sufficient to inhibit production of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases.
In another embodiment of the present invention, there is provided a method of treating a pathophysiological state caused by a herpes simplex virus, comprising the step of administering a pharmacological dose of an oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percent age of guanosine bases.
In yet another embodiment of the present invention, there is provided a method of treating a pathophysiological state caused by human immunodeficiency viruses, comprising the step of administering a pharmacological dose of an oligo nucleotide, said dose being sufficient to inhibit the replica tion of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases.
In still yet another embodiment of the present invention, there is provided a method of treating a pathophysiological state caused by human papilloma virus, comprising the step of administering a pharmacological dose of an oligonucle otide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases.
In still yet another embodiment of the present invention, there is provided a method of treating a pathophysiological state caused by human cytomegalovirus, comprising the step of administering a pharmacological dose of an oligonucle otide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases.
In still yet another embodiment of the present invention, there is provided a method of treating a pathophysiological state caused by adenovirus, comprising the step of admin istering a pharmacological dose of a oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases.
In still yet another embodiment of the present invention, there is provided a method of treating a pathophysiological state caused by hepatitis B virus, comprising the step of administering a pharmacological dose of a oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percent age of guanosine bases.
In still yet another embodiment of the present invention, there is provided a guanosine-rich oligonucleotide, wherein said oligonucleotides exhibits anti-viral activity.
In a further embodiment, the oligonucleotides of the present invention have partially or fully phosphorothioated FIGS.5A-5C show the radio-labelled ('P) full-length or truncated mRNA transcripts were analyzed by polyacryla mide gel electrophoresis, and then quantitated by cutting out the specific transcript and measuring the radioactivity in a scintillation counter . FIG. 5A shows that the reduction in full length transcripts directed by the T7 and T3 promoter when I100-51 (anti-parallel triple helix forming oligonucleotide; FMLV2ap) was added. Samples in which no oligonucleotide was added were counted and used as 100% transcription reference points. In all other reactions 4x10M of G101-50 (4e-6) was added and where indicated G101-50 plus I100-51 at concentrations ranging from 2x10 to 2x10M (2e-9 to 
INVENTION
It is readily apparent to one skilled in the art that various substitutions and modifications may be made to the inven tion disclosed herein without departing from the scope and spirit of the invention.
The term "oligonucleotide' as used herein is defined as a molecule comprised of two or more deoxyribonucleotides or ribonucleotides, preferably more than ten. Its exact size will depend on many factors including the specificity and anti viral activity of the oligonucleotide for various viruses.
In referring to "bases' herein, the term includes both the deoxyribonucleic acids and ribonucleic acids. The following abbreviations are used. 'A' refers to adenine as well as to its deoxyribose derivative, "T" refers to thymine, "U" refers to uridine, "G" refers to guanine as well as its deoxyribose derivative, "C" refers to cytosine as well as its deoxyribose derivative. A person having ordinary skill would readily recognize that these bases may be modified orderivatized to optimize the methods of the present invention.
The term "inhibition' of viral replication is meant to include partial and total inhibition of viral replication as well as decreases in the rate of viral replication. The inhibitory dose or "therapeutic dose' of the compounds in the present invention may be determined by assessing the effects of the oligonucleotide on viral replication in tissue culture or viral growth in an animal. The amount of oligonucleotide admin istered in a therapeutic dose is dependent upon the age, weight, kind of concurrent treatment and nature of the viral condition being treated.
The term "pharmacological dose" as used herein refers to the dose of an oligonucleotide which causes a pharmaco logical effect when given to an animal or human. The pharmacological dose introduced into the animal or human S to be treated, will provide a sufficient quantity of oligonucle otide to provide a specific effect, e.g., (1) inhibition of viral protein or enzymes, (2) inhibition of viral-specific replica tion, (3) preventing the target site from functioning or (4) damaging the duplex DNA at the specific site or (5) ablating the DNA at the site or (6) inhibiting the transcription/ translation of the gene under the regulation of the site being bound or (7) internal inhibition of transcription or translation of the gene containing the sequence. One skilled in the art will readily recognize that the dose will be dependent upon a variety of parameters, including the age, sex, height and weight of the human or animal to be treated, the organism or gene location which is to be attacked and the location of the target sequence within the organism. Given any set of parameters, one skilled in the art will be able to readily determine the appropriate dose.
The term "pathophysiological state' as used herein refers to any abnormal, undesirable or life-threatening condition caused directly or indirectly by a virus.
The present invention provides a method of treating a pathophysiological state caused by a virus, comprising the step of administering a pharmacological dose of an oligo nucleotide, said dose being sufficient to inhibit the replica tion of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases. Generally, this method of treating a virus-induced pathophysiological state may be useful against any virus. More preferably, the methods of the present invention may be useful in treating pathophysiologi cal states caused by viruses such as herpes simplex virus, human papilloma virus, Epstein Barr virus, human immu nodeficiency virus, adenovirus, respiratory syncytial virus, hepatitis B virus, human cytomegalovirus and HTLV I and II.
Generally, the oligonucleotides of the present invention contain a percentage of guanosine bases high enough to ensure anti-viral efficacy. Thus, the oligonucleotides of the present invention may have any percentage of guanosine bases provided that the oligonucleotide exhibits anti-viral activity. Preferably, the oligonucleotides of the present invention contain at least about 50% guanosine bases.
Generally, the oligonucleotides of the present invention may be capped at either the 3' or the 5' terminus with a modifier. Preferably, the modifier is selected from the group consisting of polyamine or similar compounds that confer a net positive charge to the end of the molecule, poly-L-lysine or other similar compounds that enhance uptake of the oligonucleotide, cholesterol or similar lipophilic compounds that enhance uptake of the oligonucleotide and propylamine or similar amine groups that enhance stability of the mol ecule.
The phosphodiester linkage of the oligonucleotides of the present invention may be modified to improve the stability or increase the anti-viral activity. For example, the phos phodiesterbackbone of the oligonucleotide may be modified to a phosphorothioate linkage. Other such modifications to the oligonucleotide backbone will be obvious to those having ordinary skill in this art.
The present invention also provides specific methods of treating viral states. For example, the present invention provides a method of treating a pathophysiological state caused by a herpes simplex virus, comprising the step of administering a pharmacological dose of an oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percent age of guanosine bases. Also provided in the instant appli cation is a method of treating a pathophysiological state caused by human immunodeficiency virus, comprising the step of administering a pharmacological dose of an oligo nucleotide, said dose being sufficient to inhibit the replica tion of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases. The present invention also provides a method of treating a pathophysiological state caused by human papilloma virus, comprising the step of administering a pharmacological dose of an oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percent age of guanosine bases. In addition, the present invention provides a method of treating a pathophysiological state caused by human cytomegalovirus, comprising the step of administering a pharmacological dose of an oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percent age of guanosine bases. The present invention also provides a method of treating a pathophysiological state caused by hepatitis B virus, comprising the step of administering a pharmacological dose of an oligonucleotide, said dose being sufficient to inhibit the replication of said virus, wherein said oligonucleotide contains a high percentage of guanosine bases.
This invention discloses a novel anti-viral technology.
The total number of antiviral mechanisms by which oligo nucleotides, and especially G-rich oligonucleotides, work is not known. However in the different virus culture systems listed above, G-rich oligonucleotides were able to signifi cantly reduce virus production in each. Prior to this inven tion, investigators tried to establish anti-viral mechanism based on anti-sense technology, and yet the present inven tion shows that oligonucleotide exhibition of anti-viral activ ity is not via inhibition of translation events.
The present invention demonstrates poly and/or oligo nucleotides inhibit growth of HIV-1, HCMV, HSV2, FMLV and other viruses if the molecule contains a high percentage of ribo-or deoxyriboguanosine. The rest of the molecule is composed of thymine, cytosine, xanthosine or adenine nucleotides (ribo or deoxyribo) or their derivatives. The 5' and 3' termini of the oligonucleotide can have any attach ment which may enhance stability, uptake into cells (and cell nuclei) or anti-viral activity. The backbone which connects the nucleotides can be the standard phosphodiester linkage or any modification of this linkage which may improve stability of the molecule oranti-viral activity of the molecule (such as a phosphorothioate linkage).
Structural formulas for several different G-rich oligo nucleotides disclosed in the instant invention are listed below in Table 1 . All oligonucleotides listed here have a propylamine group attached to their 3' end. This amine group confers stability against nuclease digestion to these oligonucleotides. The present invention also provides novel guanosine-rich oligonucleotides having anti-viral activity.
The following examples are offered by way of illustration and are not intended to limit the invention in any manner. EXAMPLE 1.
HSV-2 Culture Assay
In viral yield reduction assays, Vero cells (4x10" cells/ tissue culture well) were incubated with oligonucleotide(s) for 14 hours before the oligonucleotide was removed and virus (HSV-2 strain HG52) added to the cells at a multiplic ity of infection (m.o.i.) of 0.1 to 1.0 (4x10 to 4x10' PFU).
The infection was allowed to proceed for 10 minutes after which the cells are washed and fresh media, containing the same oligonucleotide is added for an additional 14 hours. Then the cells are subjected to a freeze/thaw lysis after which the released virus is titered. concentration of drug varied between 0.1 and 20 uM. After 3 days of incubation at 37° C., the plates were scored for the presence of multinucleated giant cells (syncytia).
In assays designed to inhibit syncytia formation, a number of oligonucleotides exhibited anti-HIV-1 activity. The oli gonucleotides and their ED50 are listed in Table 2. I100-05 is the same as I100-01 with a cholesterol group attached to the 3' end via a triglycyl-linker. I100-08 is the same as I100-00 with a cholesterol group attached to the 3' end via a triglycyl-linker. I100-07 was designed as a sequence isomer to I1 00-01 and I100-06 is the cholesterol derivative of I100-07. A100-00 is the parallel configuration of the anti-HIV-1 oligonucleotide (HIV38p). I100-07, originally designed as a control for I1 00-01 to be used in anti-FMLV experiments, was the most efficacious oligonucleotide tested against HIV-1.
In other experiments, the HIV-1 strain LAV was used to infect MT-2 cells at an m.o.iof 0.01. After 7 days, these cells were scored for cytopathic effects (CPE). In anti-HIV-1 assays in which MT-2 cells were infected at an m.o.i. of 0.01, several G-Rich oligonucleotides were able to inhibit viral-induced cytopathic effects with effective dose 50's (ED50s) in the 0.5-1.0 uM range (FIG. 3) . The oligonucle otides shown in FIG. 3 were effective in the 0.5 to 1.0 uM range, including A100-00 (HIV38p) and A100-50 (HIV38ap), A101-00 (HIV38ctl), HIV-26ctl. The oligo nucleotide HIV-26ap exhibited less efficacy in this assay with an ED50 in the 5 to 10 uM range. In FIG. 3 FMLV Culture Assay Friend Murine Leukemia Virus (FMLV) was grown in a chronically infected murine fibroblast cell line (pLRB215) or can be propagated in an acute assay system by infection of NIH3T3 cells. When the chronically infected cell line was used, pI RB215 cells were split (1x10) into 24 well culture dishes and incubated 16 to 20 hours at 37°C. The media was then removed and replaced with media containing various concentrations of oligonucleotide. After 1, 3 or 5 days, culture media was assayed for the presence of the viral reverse transcriptase enzyme.
In acute assays, NIH3T3 cells were split (1x10') into 96 well dishes and allowed to incubate for 16-20 hours. After incubation, culture media was removed and concentrated virus stock (10 ul) was added to each well in 100 ul of completed media containing 2 ug/ml polybrene. The virus infection was allowed to proceed for 18 hours at which time the virus containing media was removed and complete media containing various concentrations of oligonucleotide was added. After 4 to 7 days, the culture media was assayed for the presence of viral reverse transcriptase. for 10-12 days at which time virus in the culture media was titered using a standard agar overlay procedure. 10 DNA and then subjected to in-vitro transcription using either the T7 or T3 bacterial enzymes. EXAMPLE 6 Reverse Transcriptase Assay In this assay, reverse transcriptase (either MMLV which is commercially available or FMLV from pLRB215 culture media) was incubated with various concentrations of oligo nucleotide and then assayed using the enzyme linked oli gonucleotide sorbent assay (ELOSA), the ELOSA kit is commercially available from New England Nuclear. EXAMPLE 7 Eukaryotic In Vitro Transcription In this assay, a recombinant plasmid containing the HSV-1 IE175 promoter fused to the bacterial chlorampheni col acetyltransferase gene (CAT) was linearized and used as a template for run off transcription studies. The commer cially available HeLa cell nuclear extracts or prepared nuclear extracts of HSV-2 infected VERO cell were used.
EXAMPLE 8
Inhibition of HSV-2 Activity The oligonucleotide B106-62 was originally designed to form a triple helix structure with a portion of the promoter region of the major immediate early protein of HSV-2 (IE175). The phosphorothioate derivatives of these two oligonucleotides were synthesized and tested for anti-viral activity against HSV-2. FIG. 2 shows that the B106-62 oligonucleotide at 20 puM was able to reduce viral titers by approximately 20% whereas the phosphorothioate version (B106-96) reduced virus by 50% in the submicromolar concentration range. The control oligonucleotide (B106-97), the phosphorothioate backbone derivative of B106-71, was also able to inhibit virus at the same levels as B106-96. Even when an extensive washing procedure at a pH of 3 was employed to remove excess virus not internalized during the infection, incubation with both B106-96 and B106-97 were able to significantly reduce virus yield. Thus, the mechanism of anti-viral activity was not just blocking adsorption of Oligonucleotide Synthesis The 47-mer DNA template oligonucleotide used was SEQ.I.D. NO. 44 (1198) and the 15-mer primer sequence was SEQ.I.D. NO. 45 (1200). All oligonucleotides used in these examples were synthesized on a DNA synthesizer (Applied Biosystems, Inc., model 380B or 394), using standard phos phoramidite methods. All oligonucleotides were synthesized with an amino modified 3'-terminal, which results in the covalent attachment of a propanolamine group to the 3'-hy droxyl group or with a cholesterol moiety attached to the 3'-terminal via a triglycyl-linker. Oligonucleotides used in this example were capped at their 3'-terminal with either a propylamine or a cholesterol moiety to reduce degradation by cellular exonucleases. Phosphorothioate containing oli gonucleotides were prepared using the sulfurizing agent TETD. The 3'-cholesteryl modified oligonucleotides were prepared and purified as described by Vu et al. (in Second International Symposium on Nucleic Acids Chemistry, Sap poro, Japan, 1993).
Oligonucleotides with either full length phosphodiester (PD) or full length phosphorothioate (PT) backbones were stable in the culture media for 4 days while oligonucleotides consisting of a more random composition of nucleotides were rapidly degraded. This indicates that the 3'-modified G-rich oligonucleotides with PD backbones were stable against both endonuclease and exonuclease digestion over a defined four day incubation in culture. The concentration of oligonucleotide needed to reduce cell proliferation by 50% (TCs) of selected compounds, based on the dye metabolism assay was approximately 40 to 50 uM for oligonucleotides with PD backbones and 15 to 25 M for those compounds containing a PT backbone. The TCso for selected oligo nucleotides are presented in Table 3 . (FIG. 6, Table 4 ). Table 4 shows that I100-07 was approximately 10 fold more effective at reducing syn cytia formation than the other sequence motifs listed. "All oligonucleotides listed were synthesized with phosphodiester backbones except I100-12 which had phospho rothioate (PT) linkages.
The capping group at the 3'-end of the oligonucleotide was either a propylamine or cholesterol moiety.
Median inhibitory (toxic) concentration in tissue culture.
EXAMPLE 10
Inhibition of HIV-1 Production in an Acute Assay System One stage in the progression of acquired immune defi ciency syndrome is the loss of CD4+ lymphocytes through HIV-1 induced syncytia formation. SUP T1 cells were infected with HIV-1, treated with various concentrations of oligonucleotides and then scored for syncytia formation 4 days post-infection. Three different sequence motifs, which were 38 (A100-00) or 45 (I100-01 and I100-07) nucleotides in length, indicated that the oligonucleotides were capable of inhibiting HIV-1 induced syncytia formation (FIG. 6) . A shorter version of I1 00-01 (I.100-00, 26 mer) was compa rable to the inhibitory effect obtained for I100-01 (FIG. 6) . The median effective dose (EDs) for each oligonucleotide is presented in Table 4 . Replacement of the 3'-propylamine group on the oligonucleotides with a triglycyl-linked cho lesterol moiety (I100-05, I100-06 and I100-08) did not enhance the anti-viral activity of these compounds in this Analysis of six I100-07 PD size variants revealed that I100-15 (17 mer) was just as effective at reducing syncytia formation as I100-07 (45 mer) (see Table 5 ). In addition, a variation in the activity of the oligonucleotides was observed, dependent on which end of I100-07 the deletions were started from (Table 5 ). This is of interest since the first 14 nucleotides from either end of I100-07 are palindromic. The (EDso values) of I100-21 and I100-17, indicating the ability to reduce HIV-1 p24 levels produced in the culture medium, were roughly equivalent to the oligonucleotide concentrations needed to reduce syncytia formation by the same amount (Table 5 ). The phosphorothioate containing oligonucleotides (I100-12 and I100-21) had the ability to inhibit HIV-1 syncytia formation and production of HIV-1 p24 in the SUPT) acute assay system. This indicated that the presence of sulfur molecules in the backbone greatly enhanced the anti-viral activity of I1 00-00 (I100-12) and had a smaller enhancing effect on I100-07 (I100-21) ( The backbone modifications are denoted as PD for phosphodiester and PT for phosphorothioate. All oligonucleotides contained a 3' propylamine group.
When AZT was used in these experiments and EDso of <0.04 uMws obtained for both inhibition of syncytia and p24 antigen.
Value not determined (ND).
The duration of the viral suppression was assayed by replacing culture media of HIV-1 infected cells, treated with 2.5 uM of various oligonucleotides, on day 4 post-viral infection with complete media without added oligonucle otides. The production of viral p24 antigen was then moni tored on day 7 and day 11 post-infection. The short size variants of I1 00-07 (I100-15 and I100-16) as well as the PT version (1100-21) were capable of totally suppressing HIV-1 p24 production for at least 7 days after removal of the drug from the culture media (FIG. 7) . The quantitation of p24 production relative to untreated HIV-1 infected SUPT1 cells is presented in Table 6 . The presence of sulfur molecules in the backbone of oligonucleotide I100-07 (I100-21) had a more marked effect on the reduction of virus for the seven days after removal of compound from the culture media than was observed at the four day post-infection assay point (Table 5) . Table 7 , which shows that the presence of the sulfur group in the backbone of an oligonucleotide greatly enhanced interaction between the oligonucleotide and the enzyme. The median inhibitory dose (IDs) for these oligonucleotides were also calculated (see Table 7 ) based on the ability of these compounds to inhibit 10 nM of HIV-1 RT. The degree of enhancement of HIV-1 RT inhibition for shorter oligonucleotides (18 mers) with PT backbones was between one to three orders of magnitude greater than the analogous PD oligonucleotides (see Table 7 ). Other 18 mer PD oligonucleotide sequence motifs tested yielded similar results. The backbone modifications are denoted as PD for phosphodiester and PT for phosphorothioate.
Inhibition of the Interaction of HIV-1 gp120 with Cellular CD4
The outer envelope glycoprotein gp120 of HIV-1 medi ates viral attachment to the cell surface glycoprotein CD4 in the initial phase of HIV-1 infection (22). Table 8 shows the concentration of oligonucleotide needed to reduce CD4 bound gp120 by 50% (ID50 gp120). Additionally, the 5,567,604 15 ability of I100-00, I1 00-07 and their PT versions to inhibit gp120/CD4 interactions by binding to immobilized CD4 was determined. I1 00-00, I.100-07 and their PT versions were capable of preventing the interaction of gp120 with immobilized CD4 (IDICD4), Table 8 ), however, the PT version of the oligonucleotides had IDs values 50 to 100 fold lower than the PD version (see Table 8 ). The PD versions of a set of 18 mer oligonucleotides had little to no measurable effects on the binding of gp120 with CD4. However, the PT versions of the oligonucleotides did yield measurable inhibitory activity. The 18 mer oligonucleotide (1174) interrupted gp120/CD4 interactions at approximately 10 fold lower concentrations than poly SdCs (1230). The random sequence 18 mer (1232) had no measurable activity (Table 8) . Each pair of oligonucleotides contain the same sequence and differ only in the nature of their backbone linkage,
The backbone modifications are denoted as PD for phosphodiester and PT for phosphorothioate. The addition of a sulfur group into the backbone of selected oligonucleotides enhanced anti-viral activity, over the matched phosphodiester compound, in culture and in vitro for each assay system tested. The degree of enhanced anti-viral activity in culture was most pronounced (approxi mately 10 to 15 fold) for I100-12, when compared with I100-00 (Table 5 ). The degree of enhancement observed in vitro for some experiments reached 100 to 500 fold (Tables   7 and 8) . EXAMPLE 11 Inhibition of HCMV Activity Several different oligonucleotides reduced HCMV titers in tissue culture. Each of the oligonucleotides contained a different percentage of guanosine residues and a different number of total nucleotides in the polymer. The results of this assay are depicted in Table 9 . All oligonucleotides were capable of reducing viral titer in culture including G101-50 which contained only 53% G residues (16 out of 30 total nucleotides). In Table 9 , the length and percent guanosine nucleotides is indicated for each oligonucleotide tested. 9A shows that in interactions with the V3 loop using an additional V3 loop specific murine Mab, NEA-9284, that PT oligonucleotides were able to inhibit binding of NEA 9284 to gp120. The presence of bound gp120 specific Mab was verified using a HRP-labeled goat-a-mouse antibody. The IDso for the most active oligonucleotide (I100-21) was approximately 4 to 7 uM. This concentration was approxi mately 10 to 30 fold higher than the EDso value for this oligonucleotide against HIV-1 in culture (Table 5) . Oligo nucleotide effects on two another V3 loop specific murine Mabs, NEA-9301 (FIG. 9B) and 93.05, were minimal. The PD oligonucleotides tested did not inhibit the binding of any Mab to gp120. Oligonucleotides were preincubated with immobilized gp120 before the addition of the V3 loop specific Mabs. G105-50 (80%) oligonucleotide (% G) G106-50 (78%) G109-50 (65%) G113-50 (64%) In NIH3T3 cells chronically infected with FMLV, oligo nucleotides (FIG. 1) were capable of inhibiting virus pro duction. However, oligonucleotides controls in this experi ment were capable of inhibiting virus production in culture. EXAMPLE 12 In Vitro Enzymatic Assays Culture media containing FMLV reverse transcriptase (RT) was mixed with various concentrations of I100-51 or I100-12, the phosphodiester backbone of I100-51 having been modified to a phosphorothioate backbone. Reverse transcriptase was measured as described in Example 7 . FIG.  4 shows that both oligonucleotides were capable of inhib iting the RT enzyme. Inhibitory concentrations for 50% reduction in RT activity was between 0.5 to 1 uM for
